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ABSTRACT OF THE DISCLOSURE 

A ccanposrti.cn of an Aliphatic aster-amide copolymer 
which is soluble in an organic solvent with an LD50 value 
(orally administered to a rat) of about 2,000 mg/kg or 
more. 
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TITI^ OF THB ZKVERTION 
Aliphatic Ester-Amide Copolymer fteains 

field or thx invranoB 

The present invention relates to aliphatic eater-amide 
copolymers , their modified res ins, and a solution and 
c omp o s ition thereof. Particularly, the aliphatic ester- 
amide copolymers of the present invention are _ soluble in an 
organlc^ solvent whi ch is not harmful to the human body with 
or without addition of an Inor g^ nl^ metal salt. The 
aliphatic ester-amide copolymers may exhibit 
biodegxadablllty. The copolymers of the present invention 
can be used safely for various applications. 

BACXOROUHD OF TH« XWBVTXOH 

Biodegradable plasties typified by aliphatic polyester 
resins have been receiving considerable attention as 
increasing attention has been paid to environmental 
problems in recent years, and are expected to be used in a 
lot of applications. However, since there exist no good 
solvents for the aliphatic polyesters which can be handled 
easily, it is significantly difficult to mold the aliphatic 
polyester resin by a method generally used for molding 
conventional plastics such as a solvent-cast method. Known 
s olvents _are formic acid, hexaXluoro-2-propanol and m- 
cresol, but they are very harmful to the human body or 
environment, for example some of them depleting the ozone 
layer. Handling such a solvent is very difficult and it 



BAD ORIGINAL 




217143S 



requires a large investment in equipment: to use it. Thus 
disadvantageous ly the aliphatic polyesters have only much 
limited use since they cannot be nx>lded from solution 
thereof . 

The aliphatic ester-amide copolymers, as described in 
Japanese Examined Patent Publication Kos. JP-56-B-38115 and 
JP-57-B-26688, Japanese Unexamined Patent Publication Noa. 
JP-06-A-200016 and JP-06-A-192417, are excellent resins 
which have toughness of aliphatic amide resins together 
with good workability of aliphatic ester resins and also 
have biodegradability of aliphatic polyester resins. 

However, similarly to the aliphatic polyesters, no 
other solvents are known which can give a solution state to 
the aliphatic ester-amide copolymers than formic acid, 
hexafluoro-2-propanol and m-creaol which are harmful to the 
human body or environment, Por molding such a resin, a 
solvent such as formic acid, hexafluoro-2-propanol or a- 
cresol is required to be used. Therefore the aliphatic 
ester-amide copolymers have the similar defects to the 
above aliphatic polyester resins. 

On the other hand, In manufacturing artificial leather 
using an^ aliphat i ^ polyamide , a step is conventionally 
known wherein the aliphat ic polyamide is di ssolved in a 
solutiqn_o£, a metal salt typified by calcium chloride in 
methano l or ethano l, followed by application thereof to a 
substrate such as ngp-imttr^ at^ x**ip \ n rj The obtained 
reprecipitated resin has a leather-like surface (see c.s. 
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Patent: No. 2, 359, 878) . The thus obtained elipfcatic 
polyamide resin, however, does not have good workability 
because heat treatment for smoothing the surface of the 
reprecipitated resin must be conducted at a high 
5 temperature due to the high melting point thereof. 

Further, such an aliphatic polyamide is not biodegradable. 

Nylon resins are conventionally modified with N- 
alkoxyaethyl by reacting them with formaldehyde and a lower 
alcohol so as to lower the molding temperature, improve the 

10 workability and give softness* The type-8 nylon is 
actually utilized. It Is also known that the N- 
aUcoxymethyl nylon has a characteristic of being soluble in 
alcohols. Although such modified aliphatic polyamides have 
excellent prcpsrtiea, they cannot be microbiologically 

15 degraded or disintegrated. 

SUMMAAY OF THE XHVKSTXOV 

It is an object of the present invention to provide a 
composition of an aliphatic ester -amide coo olvgr which is 

20 soluble in an organic solvent with an LD50 value (orally 
administered to a rat) of about 2,000 mg/kg or more* The 
present invention provides a solution of an aliphatic ester- 
amide copolymer in which the copolymer is dissolved in an 
organic solvent with an LD50 value (orally administered to a 

25 rat) of about 2,000 mg/kg or more in the presence or absence 
of an inorganic metal salt. The present invention also 
provides a molded or casted article produced by dissolving a 
composition of an aliphatic ester-amide copolymer in an 
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organic solvent with an LD50 (orally administered to a rat) 
value of about 2,000 nig /kg or more in the presence or 
absence of an inorganic metal salt and then removing the 
solvent from the solution to change a configuration of the 
5 copolymer. 

BRIEF DESCRIPTION or the drawikgs 

Fig* 1 shows a DSC chart of an unmodified aliphatic 
ester-amide copolymer of the present invention; 
10 Fig. 2 shows a DSC chart of an aliphatic ester-amide 

copolymer modified with aethoxymethyl in accordance with 
the present invention; 

Fig. 3 shows a DSC chart of an unmodified aliphatic 
ester-amide copolymer of the present invention; 
15 Fig. 4 shows a DSC chart of an aliphatic ester-amide 

copolymer modified with methoxytaethyl in accordance with 
the present invention 1 

Fig. 3 shows a photograph of surface profile of the 
film obtained in Test Example 18 taken with a scanning 
20 electron microscope at a magnification of 350 x; 

Fig* 6 shows a photograph of surface profile of the 
film obtained in Test Sxample 18 taken with a scanning 
electron microscope at a magnification of 7,500 x; 

Fig. 7 illustrates changes with time in the 
25 concentration of dissolved phosphorus when the coated 

granular fertilizer of Test Sxample 25 was dipped in water; 

Pig. 8 illustrates changes with time in the 
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concentration of dissolved phosphorus when the coated 
granular fertilizer of Test Example 26 was dipped in water; 

Fig* 9 illustrates changes with time in the 
concentration of dissolved phosphorus when the coated 
granular fertilizer of Test Example 27 was dipped in water. 

DETAILED DESCRIPTION OP TUB INVENTION 

The present invention is based on a finding that an 
aliphatic ester -amide copolymer can be dissolved in an 
organic solvent: which is low toxic and is not harmful to 
the human body, especially an organic solvent which has an 
LD50 of at least 2,000 mg/kg (orally administrated to a 
rat), in the presence or absence of an inorganic metal 
salt. Therefore, the invention provides such a solution. 

According to one aspect of the invention, it provides 
an aliphatic ester-amide copolymer soluble in the above 
mentioned solvent which has a low weight-average molecular 
weight from about 1,000 to 10,000 and has biodegradability. 
Such resin is believed not to have been disclosed in any 
literatures. 

According to a further aspect the invention, it 
provides a new modified aliphatic ester-amide copolymer in 
which at least a part of amide units of an aliphatic ester* 
amide copolymer are modified with an alkoxymethyl and/or 
hydroxymethyl group. The modified copolymer can exhibit 
biodegradability and has a property of being soluble even 
in the presence or absence of an Inorganic metal salt. 

The low-toxic organic solvents used in the invention 

5 
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are preferably aliphatic organic solvents with an LD50 
value of about 2,000 mg/kg or more which do nor harm the 
human body. Examples of the aliphatic organic solvents are 
an aliphatic alcohol having 6 or less carbons, an aliphatic 
S glycolic ether type compound represented by the following 
formula (A): 

R9 (OCH2CH2)nRl0 (A) 

, wherein R9 represents a C1-4 aUcyl group , Rio 
represents a hydroxyl, C1-4 aUraxy, amino or acetyl group, 
10 and n represents an integer from 1 to 3, a C2-6 aliphatic 
acid, a C2-6 aliphatic sulfoxide and a C2-6 aliphatic 
amide. 

Examples of the above R9 are -CH3 and -CH2CH3/ and 
examples of t^* above Rio are -OH, -OCH3, -OCH2CE3, -HH2 

15 and -OCOCH3. 

Examples of the above aliphatic alcohol are methanol, 
ethanol, propanol, iaopropanol, butanol, ethylene glycol, 
glycerin and hexanedlol. Most preferable alcohol are 
methanol and ethanol. Examples of the aliphatic glycolic 

20 ether type compound are 2-ethoxyethanol , 2-methoxyethanol , 
2- ( 2-ethoxyethoxy ) ethanol , 2-ethoxyethyl acetate and 2- 
methoxyethylarine. Most preferable ethers are 2- 
ethoxyethanol and 2-methoxyethanol . Example of the 
aliphatic acid are acetic acid, propionic acid, butyric 

25 acid, lactic acid and hydroxycaproic acid. Example of the 
aliphatic sulfoxide is dimethyl sulfoxide. Examples of the 
aliphatic amice are dimethyl fonnamide and N-methyl-2- 

6 
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pyrrolidone . 

These aliphatic organic solvents may be used 
independently or optionally as a mixture thereof. 

The boiling point of the- aliphatic organic solvent is 
5 preferably within the range from about 30*c to 250*C, 

taking into account a easier handling at room temperature 
and drying by removal of the solvent from the resin. 
Particularly preferable aliphatic organic solvents are 
methanol , ethanol, 2-ethoxyethanol , 2-methoxyethanol, 

10 acetic acid, dimethyl sulfoxide and a mixture thereof. 

The conventionally used solvents such as formic acid, 
chloroform, hsxafuluoro-2-propeiiol and m-cresol are very 
harmful to the human body and very likely to destroy the 
environment, for example causing depletion of the ozone 

15 layer. Therefore, in use, they are significantly difficult 
to handle and need expensive equipments. The aliphatic 
organic solvent of the present invention has an LD 50 value 
(orally administered to a rat) of about 2,000 mg/kg or 
more. The UD50 values of the aliphatic organic solvents of 

20 the present invention and conventionally used organic 
solvents are shown in the following table x 
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Table 1 : LD50 values of organic solvents 



Organic solvent 


LD50 value (mg/kg) 


Methanol 


5,628 


Ethanol 


7,060 


2-Bthoxyethor.ol 


3,000 


2-Methoxyethanol 


2,460 


Formic acid 


1,100 


Chloroform 


908 


m-Cresol 


242 



5 The abov* described aliphatic organic solvent may 

contain water, whether the solvent should contain water or 
not and, if contains, how much water it should contain can 
be suitable decided, depending on how resin is used, in 
what thickness the resin is applied or the like- In 

10 addition, in order to obtain a solution containing a lot of 
resin, the water content ia preferably small. 

The term -dissolved" or "soluble* according to the 
present invention means that 1 part by weight. or more of 
resin makes a homogeneous solution in 100 parts by weight 

15 of solvent at room temperature or with heating to a 

temperature up to the boiling point of the organic solvent 
used. The tern also refers to a state in which (especially 
at room temperature) a resin and solvent are substantially 
homogeneous, a part of the resin gels or the organic 

20 solvent separates to some extent, without substantial 

separation of the organic solvent or precipitation of the 
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A preferable group of the aliphatic ester-amide 
copolymers of the present invention have a weight-average 
molecular weight within the range from about 1,000 to about- 
10,000. It has been found that euch a resin can be 
dissolved in the above-described organic solvent which is 
not harmful to the human body. Therefore, the resin can be 
easily molded by the advent -cast method using a solution 
thereof. The weight-average molecular weight is preferably 
from about 4,000 to about 9/000, especially 4,000; 4,500; 
5,000; 5,500; 6,000; 7,000; 8,000; and 9,000. 

The aliphatic ester-amide copolymer of the invention 
is preferably biodegradable. The aliphatic ester-amide 
copolymer, wr.^r. the content of amide units on the main 
chain thereof is from about 10 to about 80 mol%, preferably 
from about 10 to about 60 mol%, become an excellent resin 
which can exerr the toughness of the aliphatic amide 
together with the good workability of the aliphatic ester 
and further can exert the biodegradability of the aliphatic 
polyester. 

The aliphatic ester-amide copolymer of the invention 
is constitute of a ester unit and amide unit. 

The ester unit may be any ester unit unless it 
contains an aromatic ring. For a preferable example, the 
ester unit is represented by the following formula < 1 ) i 

-O-Rl-CO- (1) 

, wherein Ri represents a Ci-g straight-chain alJcylene 
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group or a branched chain alkylene group in which a part of 
the hydrogen atoms of said straight -chain alJcy lane is /are 
substituted with a C1.3 alkyl group and/or the following 
formula (2); 



, wherein R2 represents a C2-6 straight-chain alkylene 
group or a branched chain alkylene group in which a part of 
the hydrogen atoms of said straight-chain alkylene is /are 
substituted with a C1-3 alkyl group and R3 represents a C2- 
10 straight-chain alkylene group or a branched chain 
alkylene group in which a part of hydrogen atoms of said 
straight-chair, alkylene is/are substituted with a C1-3 
alkyl group. The ester unit of the formula (1) or (2) can 
be contained singly or in the combination of the two. 

Examples of the above Ri are -CH2-/ -CH(CH3)-# 
-CH(CH3)CB2-, -CH(C2H5)CH2-# -CH(CH3) (CH2)3-, and -<CH2)5-. 
Examples of R2 are -(CH2)2-/ -CB(CH3)CH2-, -(CH2)4-# and 
-<CB2)6-. Examples of R3 are -<CH2)2-/ -CH(CB3 )CH2-/ 
-(CH2)4-/ -<CS2)6-, and -(CH2)8-- 

The amide unit may be any amide unit unless it 
contains an aromatic ring. For preferably example, the 
amide unit is represented by the following formula ( 3 ) : 

-NH-R4-CO- (3) 

, wherein R4 represents a C2~12 straight-chain 
alkylene group or a branched chain alkylene group in which 
a part of hydrogen atoms of said straight -chain alkylene 
is/are substituted with a C1-3 alkyl group, and/or the 



-O-R2-OCO-R3 -co- 



<2> 



10 
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formula (4) 

-NH-R5 -r-C0-R6-C0- ( 4 ) 

,whereir. R5 represents a C2-6 straight -chain alkylene 
group or a branched chain alkylene group in which a part of 
5 the hydrogen atoms of said straight-chain alkylene is /are 
substituted with a C1-3 aDcyl group and R* represents a C2- 
10 straight -chain alkylene group or a branched chain 
alkylene group in which a part of the hydrogen atone of 
said straight-chain alkylene is /are substituted with a C1-3 
10 alkyl grcup. The aside unit of the formula (3) or (4) can 
be contained singly or in the combination of the two. 

£xample3 of the above R4 are -CB2-, -CH<CH3)-, 
-CH(CH3)CH2-, -CH(C2H5)CH2-, -CH(CH3 ) (CH2 ) 3-, and -<CH2)5-. 
Examples of are -<CH2)2-, -CH(CH3)CH2-, -(CH2)4-, and 
IS -(CH2)6-- Examples of R$ are -<CH2)2-/ -CH(CH3)CH2-, 
-(CH2)4-r -(CJ?2)6-, and -(CH2)8-- 

Another croup of aliphatic ester-amide copolymers used 
of the present invention are modified aliphatic ester-amide 
copolymers in which a part or all of the hydrogen atom of 
20 the amide groups of the aliphatic eater-amide copolymer are 
substituted with an alkoxymethyl and /or hydroxymethyl 
group* 

The ester unit of the modified aliphatic ester-amide 
copolymer is preferably represented by the following 
25 formula (1): 

-O-Ri-CC- (1 ) 

, wherein Rl represents the same as defined above , 

11 
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and/or the following formula (2)x 
-O-R2-OCC-R3-CO- { 2 ) 

, wherein R2 and R3 represent the same as defined 
above. The ester unit of the formula (1) or (2) can be 
5 contained singly or in the combination of the two. 

The substituted amide unit of the modified aliphatic 
ester-amide cc3>olymer is preferably represented by the 
following f orntula < 3 1 ) t 

-NR7-R4-CO- (3' ) 

10 9 wherein R7 represents a hydrogen atom, an 

alJcoxymethyl or hydroxymethyl group and R4 represents the 
same as definsd above) and/or the formula <4 V ) 

-NR7-R5 -r?.7CO-R6-CO- (4 ' ) 

, wherei- two R7 represent, the same or different , the 
15 same as defined above, and R5 and R£ represent the same as 
defined above;. The amide unit of the formula (3') or <4 f ) 
can be contair*d singly or in the combination of the two. 

Examples cf the above R7 are -H, -CH2OH, -CH2OR8 <RB 
to be defined later), though not all of R7 are -H. 
20 Examples of Ri, R2, R3# *4* *S and R6 are the same 

groups as defined above. Further, in the modified 
aliphatic estsr-amide copolymers of the present invention, 
a part or all of the hydrogen atoms of amide groups are 
substituted with a alkoxymethyl and/or hydroxymethyl group. 
25 Por example, the alkoxymethyl group is represented by the 
following fozrrula (5)t 

-CH2-0-?.: (5) 
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wherel.-. K8 represents a ci_$ straigfit-chain alXyl 
group or a br—jched chain aUcyl group in which a part:, 
preferably one to two, of the hydrogen atoms of said 
straight -chair. aiXyl group is /arm substituted with a methyl 
5 group. Sxamplas of Ra in the above formula are -CH3 and 
-CH2CH3. 

Examples of the alknxymethyl group are inethoxymethyl 
and ethoxymet v yl . 

Preferably in the modified aliphatic ester-amide 

10 copolymer of zLzm present invention , the upper limit on the 
ratio of the *r*.ide units to all the units is about 80 mol%. 
When the ratio of the amide units exceed about 80 molt, the 
resin is not i^jcely to be microbiological ly degraded or 
disintegrated .\sy more. The disintegration here means that 

15 the configure- ion of res^n is broken down by microbes into 
resin f ragmen" mainly constituted of amide units which are 
stable to microbes. For complete degradation by microbes 
at a nolecul&r level (referred to as complete 
biodegradatior. hereafter), the trp^er limit on the ratio of 

20 the amide units is preferably about 70 aol%, more 

preferably etcit 60 molt. The lower limit is about 10 
mol%. When c>.a ratio of the amide units is below about 10 
mol%, the amev-t of alkoxymethyl in the modifxed aliphatic 
ester -amide copolymer is so small that the copolymer cannot 

25 be dissolved singly in the organic solvent. Generally, 
since raw matarial compounds for the ester unit are more 
expensive the- those for the amide unit, a completely 
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biodegradable resin is more expensive. The copolymer may 
be aptly made oiodisintegrable or completely biodegradable, 
depending on explication requirements and cost 
requirements . 

5 The aliphatic ester-amide .copolymers contain both 

ester and amif** units on the polymeric main chain and 
characteristically the copolymer molecules thereof bond 
firmly to each other due to intermolecular force among the 
units. It is considered that, in the present invention, 
10 the hydrogen iond among the amide units is weakened by 
substituting i part or all of the hydrogen atoms of the 
amide group3 *-ith alkoxymetbyl and/or hydroxymathyl groups, 
so that polynzric chain is dissolved in the organic 
solvent . 

15 Additionally , when the intermolecular force among the 

ester units i- strong, the resin is not dissolved, or it 
gels when mixad with a solvent such as lower alcohol, 
because the crpolymar molecules hardly separate from each 
other at room temperature due to strong intermolecular 

20 force among tie ester units. In this case, since the 

intermolecular force between the ester units can be more 
easily weaken^ by heating than that between the amide 
units, it is effective to heat when the modified copolymer 
can hardly be dissolved in a solvent. 

25 In the ncdified aliphatic ester-amide copolymers of 

the present ir/>ention, the product of the ratio to all the 
amide units ol amide units wherein the byurogen atoms of 
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the amide grc cs are substituted by alkoxymethyl and/or 
hydroxymethyl groups (referred to as the substituted amide 
ratio hereaft-.r > and the molar ratio of all the amide unite 
to all the m7.lzs of the copolymer is preferably within the 



amide ratio i* too high, the ratios of the unsubstituted 
amide units end the eater units become so low that the bond [ 
between the r-riecules is weakened and the resin loses its 
toughness for practical use. When the substituted amide 

10 ratio is too low, the solubility of the resin in an organic 
solvent such a lower alcohol declined and the resin, if 
dissolved, c" hardly be stable in a homogeneous state. 

For fir.: ig the ratio of substituted amide units to 
all the unirr zt the modified aliphatic ester-amide 

15 copolymer of present invention, for example, the 

modified alir ±tic ester-amide copolymer can be treated in 
an aqueous delation of an inorganic strong acid such as 
hydrochloric ~?id for a long time to liberate and remove 
alkoxymethyl zzd/oz hydroxymethyl groups completely, 

20 thereby the rvrio being calculated from the change in 

weight; the r~:io can also be calculated from changes in 
ratios of carton and oxygen to nitrogen using the elemental 
analysis; and *:he ratio can be calculated by the 1 H- and 
13 C-HKR method. 

25 Preferably, the degree of the substitution with 

alkoxymethyl ir.d/or hydroxymethyl groups in the modified 
aliphatic estsr-amlde copolymer of the present invention is 



5 range from abrut 0.1 to about 0.6. When the substituted 
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such a degree -3 the peak, attributable to crystalline amide 
groups on the differential scanning caloriraetry (DSC) chart 
shifts to a lever temperature than that of its basic 
unmodified rerin, i.e., the resin in which the substitution 
with alkoxyme->yl and/or hydroxymethyl groups is not 
executed, or cisappears. Preferably the peak shifts to a 
temperature lower by 10*C or acre than that of the 
unmodified resin. The higher the substitution degree, the 
more the peak 3hifts and the broader the peak becomes, 
finally the p^zk disappearing. Substitution in such a 
degree as no changes are observed on DSC chart cannot 
improve the 5r\ubility in a solvent such as a lower alcohol 
adequately, that the effect of the present invention 
cannot be ofc-r ^-ned. 

The chan r a of the pealc attributable to the crystalline 
amide groups — DSC chart can be observed by comparison not 
only with DSC chart for the basic unmodified resin but also 
with that fez the above described acid-treated resin 
obtained from the modified aliphatic ester-amide copolymer 
by removing t:.:a alkoxymethyl and/or hydroxymethyl groups 
therefrom. 

In the v-'^odified aliphatic ester-amide copolymer, the 
peak attribuM'rle to the crystalline amide groups on DSC 
chart is observed at almost the same temperature as that of 
the hoiftopolyr'r of the amide units (for example, around 
215 # C for pol" 6-caprolactam) , while, for a random ester- 
amide copoljrr-r, the peak attributable to the amide units 
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observed at a lower temperature. The more the 
randomization, the broader the peak, so that the peak is 
not observed clearly. In a further randomization, change 
of the peaJc of modified copolymer may be observed in a 
5 decline in heat absorption at higher temperatures of the 
broad peak in addition to a shift of the whole peak. 

The modified aliphatic aster-amide copolymer, as the 
changes on DSC chart at high temperatures show (for 
example, see Pigs. 2 to 4) r can be molded at lower 
10 temperatures and its thermal m oldin g is easy. 

The modified aliphatic ester-amide copolymer of the 
present invention may be block copolymer, graft copolymer 
or alternative copolymer* 

The copolymers of the present invention may include a 
15 structure resulted from a chain extender such as 

dlisocyanate and polybasie acid which is added in a small 
amount for the purpose of bonding polymers for further 
polymerisation . 

The weight-average molecular weight of the modified 
20 f ester-amide copolymer is preferably from about 
1,000 to about 500,000. The aliphatic ester-amide 
copolymer, with a weight-average molecular weight of about 
1,000 or more, exhibit good properties in reprecipitated 
polymer and can be used for general purpose. The aliphatic 
25 ester-art* de copolymer, with & weight-average molecular 

weight of about 500,000 or below, can be synthesized in a 
relatively short time and the reaction conditions such as 

17 
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the degree of vacuum can be eased. In these modified 
copolymers, since the toughness of the aliphatic amide 
groups tends to decline as the degree of modification 
becomes higher, the weight-average molecular weight is more 
5 -preferably from 5,000 to 200,000, specifically 15,000? * 
20,000) 25,000; 30,000; 40,000* 50,000; 100,000; and 
150,000. 

The modified aliphatic ester-amide copolymer of the 
present invention may include a resin formed as a byproduct 

10 in the substitution of the hydrogen atoms of the amide 
groups with alkoxymethyl and/or hydroxy methyl groups 
wherein the hydrogen atoms of the amide groups are 
substituted with a group represented by the following 
formula: 

15 -(CH 2 -0} n -*a 

, wherein Re is the same as defined above and n is an 
integer from 2 to 10) and a resin which has a structure 
wherein 2 or more molecules are bonded by cross linked 
alkoxymethyl and /or hydroxymethyl groups. 

20 The modified aliphatic ester- amido copolymer of the 

present invention can be prepared by modification of a pro- 
produced aliphatic ester-amide copolymer, that is, 
substitution of a part or all of the hydrogen atoms of the 
amide groups thereof with alkoxymethyl and /or hydroxymethyl 

25 groups . 

For preparing an aliphatic ester-amide copolymer, any 
of the conventionally known msthods can be used, for 

18 



BAD ORIGINAL 




2171498 



example, a method comprising a ring-opening 
copolymeri2ation of lactone and lactam with an alkali metal 
as a polymerization initiator (as described in Bur* Polym. 
J. vol.20, No. 5, pp529-536, pp539-547 and pp549-557 (1984) 
and Japanese Unexamined Patent Publication No.JP-06-A- 
200016); a method comprising a mixing of an aliphatic 
polyester and aliphatic polyaaide in a molten state and a 
subsequent copolymerization using the ester-amide 
interchange reaction (as described in Japanese Examined 
Patent Publication No. JP-56-B-38115) ; and a method 
comprising a polycondensation of amino car boxy lie acid, 
dicarboxylic acid and diamine with lactone (as described in 
Japanese Unexamined Patent Publication No. JP-05-A-156008) . 

For modification of the aliphatic eater-amide 
copolymer thus obtained, a similar method to the N- 
alkoxymethyl modification of polyamide can be Used. That 
is, the modification can be executed by reacting an 
aliphatic ester-amide copolymer, an alcohol such as 
methanol, ethanol and isopropanol, and an excess of 
formaldehyde at a high temperature in the presence of an 
acid catalyst such as phosphoric acid; and by adding a 
formaldehyde or paraformaldhyde solution in methanol to the 
aliphatic ester-amide copolymer solution in formic acid or 
the like to react them at room temperature (as described in 
U.S. Patent No. 2430680 and Japanese Bxamined Patent 
Publication No. JP-48-B-15997* 

In the former case, in addition to phosphoric acid, an 
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organic acid such as formic acid, an ester or salt thereof 
can also be used as a catalyst (as described in Japanese 
Examined Patent Publication No. JP-53-B-30692) . Also, water 
(about 10%) can be added to the alcohol and formaldehyde so 
that the resin can be homogeneously dispersed in the form 
of flakes or p-rticles for enabling a more effective 
washing of the resin. 

In the latter case, a mixture of formic acid and 
acetic acid can be used for the purpose of inhibiting the 
molecular weight from declining in the reaction, in 
addition to formic acid (as described in Japanese Examined 
Patent Publication No. JP-43-B-10636) . 

Further, the prosent invention provides a composition 
comprising an aliphatic ester-amide copolymer an inorganic 
metal salt. 

The inorganic metal salt used in the present invention 
is preferably a halide, nitrate and thiocyanate of a metal 
selecting from the groups la, lia, lb and lib of the 
periodic table. They may be used singly or as a 
combination thereof. Examples of the preferable metal are 
lithium, sodium, potassium, magnesium, calciun, strontium 
and zinc* 

Examples of the inorganic metal salt are lithium 
chloride, calcium chloride, magnesium chloride, zinc 
chloride, lithium bromide, oaloium bromide, magnesium 
bromide, sine bromide, calcium nitrate, magnesium nitrate, 
zinc nitrate or lithium thiocyanate. 
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The aliphatic ester-amide copolymer of the present 
invention includes both eater and amide units on a 
polymeric main chain and characteristically the molecules 
thereof unite positively to each other by the 
intennolecular force between both units, it is considered 
that, in the aliphatic ester-amide copolymer, the polymeric 
main chain is dissolved in the above mentioned solvent of 
the inorganic salt in the organic solvent due to the 
intennolecular force between the amide units loosened by 
the . solvent . 

When the force between the ester units is strong, the 
ester units on the polymeric main chain can hardly be 
separated at rcom temperature so that sometimes the 
composition oi the copolymer is not homogeneously dispersed 
or gels. However, the intermolecular force between the 
ester units can be more easily weakened than that between 
the amide units with heating and the solution state can be 
kept. 

Other group of the aliphatio ester-amide copolymers 
may include any resins wherein ester and amide are 
copolymerised. considering the polimerizability, material * 
costs and the like, the copolymer is preferably a resin 
wherein an eater unit represented by the following formulae 
(1) and/or (2) t 

-O-Rl-CO- (1) 

, wherein Ri represents the same as defined above, 
-O-R2-OC0-R3-C0- (2) 
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, wherein R2 and R3 represent the same as defined 
above, and an amide unit represented by the following 
formulae (3) and/or 

-NH-R4-CO- (3) 
5 , wherein R4 represents the same as defined above, 

-NH-R5-NHCO-R6-CO- (4) 

, wherein R5 and Rg represent the same as defined 
above, are copolymerized. The conventional, block, graft 
or alternative copolymerixation nay be need. The aliphatic 

10 ester-amide copolymer of the present invention may contain 
a structure resulted from a chain extender such as 
diisocyanate, a polybasic acid and the like which is added 
in a small amount for the purpose of bonding polymers for 
further polymerization. 

15 Examples of the above Ri, R2# R3/ R4 r R5 *6 are 

the same as already defined above. 

The weight -average molecular weight of the aliphatic 
ester-amide copolymer is preferably within the range from 
about 1,000 to about 500,000. The copolymer, with a 

20 weight-averago molecular weight of about 1,000 or more, 
have good properties in reprecipitated polymer and can be 
used for general purpose. The copolymer, with a weight- 
average molecular weight of about 500,000 or below, can be 
synthesized in a relatively short time and the reaction 

25 conditions such as the degree of vacuum can be eased. 
Since the composition of the aliphatic ester-amide 
copolymer contains the inorganic metal salt, the toughness 
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of the resin tends to decline depending on the content 
thereof. For compensating the decline, the weight-average 
molecular weight is more preferably from about 5,000 to 
about 200,000, specifically 15,000; 20,000; 25,000; 30,000; 
5 40,000; 50,000; 100,000; and 150,000. 

The present invention also provides a solution of the 
aliphatic ester-amide copolymer in the above-described 
organic solvent which does not harm the human body. The 
resin solution can be used as an adhesive as it is. 

10 The mixing ratio of the organic solvent, inorganic 

metal salt and the aliphatic ester-amide copolymer in the 
solution of the present invention is preferably from about 
1 to about 4 0 parts by weight, more preferably from about 1 
to about 30 parts by weight o£ the inorganic metal salt, 

15 and about 1 to about 40 parts by weight, more preferably 
from about 1 to about 30 parts by weight of the copolymer 
to 100 parts by weight o£ the organic solvent. When the 
mixing ratios for the inorganic metal salt and the 
copolymer are smaller than the above range, less copolymer 

20 reprecipitates . when they are larger than the above range, 
the inorganic metal salt and /or copolymer are likely to 
separate so that it is hard to obtain a homogeneous 
solution or mixture. 

In addition to the organic solvent, the inorganic 

25 metal salt and the aliphatic ester-amide copolymer, the 
solution of the copolymer of the invention may contain a 
surfactant, antioxidant, plasticizer or the like for 
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increasing the stability of the solution or improving the 
raprecipitated resin. Also it may contain a dye, a pigment 
or the like for dyeing the reprecipitated resin. 

Water of crystallization contained in the inorganic 
5 metal salt can be remained in the mixture, but its content 
should be controlled within such a range that the resin 
does not separate in accordance with usage. The 
dissolution is preferably conducted with beating. Heating 
can accelerate the dissolution of the aliphatic ester-amide 

10 copolymer. The heating temperature preferably does not 
exceed the boiling point of the organic solvent because a 
pressure container or the like in not required for heating. 

By removing the organic solvent from the above 
solution of tha aliphatic ester-amide copolymer, an 

15 aliphatic ester-amide copolymer the configuration of which 
is changed,, or a composition thereof can be easily 
obtained. 

For such reprecipitation of the aliphatic ester-amide 
copolymer from the resin mixture in the form of solution, 

20 the organic solvent and/or inorganic metal salt can be 

removed from the mixture. Specifically, the resin mixture 
can be made into a certain configuration by applying, 
dipping, pouring or the like and then reprecipitated in 
another configuration by an easy step such as drying, 

25 vater -cleaning and the like. 

As described in the later Test Bxamples, the aliphatic 
ester-amide copolymer composition can be made into, for 
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example , a film, porous film, a molded material/ a porous 
molded material, particles and porous particles by changing 
its configuration with removing the organic solvent* Such 
a composition can be used for coating of granular 
5 fert ilis er and coating of granular fertilizer with a porous 
film. Such a fertilizer has an excellent slow-ef feet, and, 
when used with the biodegradable aliphatic ester-amide 
copolymer composition, it has. a remarkable industrial 
advantage since it is biodegradable in soil after used. 

10 Therefore, according to the invention wherein the 

organic solvent which not toxic or harmful to the 
environment can be used, the biodegradable resin can be 
easily used for application or coating, which is 
conventionally difficult. Further the slow-effective 

15 fertilizer using the aliphatic ester-amide copolymer of the 
invention without an inorganic metal salt can act as an 
effective fertilizer for a plant which is easily affected 
by a salt. 

The weight-average molecular weight was measured by 
20 means of GPC apparatus manufacture by Tosoh Corporation, 
Japan (Model hlc-8020) provided with GPC column 
manufactured by the same (Article Bo. TSicgel GMHHR-M) with 
the column temperature at 40*C under a pressure of 50kg/cm2 
with a flow of a solution of trif luoroaeetic acid at a 
25 concentration of lOmMol/1 in hexaflaoroisopropanol (HPIP) 
manufactured by Central Glass Co., Ltd., Japan at a flow 
rate of 0.5ml/min as an eluting solution. A standard 
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sample for GPC of polymethylmethacrylate manufactured by 
Showa DenJco K.K., Japan was used. The ratio of amide units 
in the copolymer was measured with FT-IR apparatus 
manufactured by Nicolet. 
5 The present invention will hereinafter be described in 

detail by way of embodiments thereof, wherein G- 

caprolactam manufactured by Mitsubishi Chemical 
Corporation, Japan was used for 6-caprolactam and "PLACCKL 

M" manufactured by Daicel Chemical industries, Japan was 
10 used for e-caprolactonaj the soil used was collected at 

the plant site located in Tenri-city, Nara, Japan and 
sieved with a 1.7mm screen; and part or parts means part or 
parts by weight unless specifically indicated. These 
embodiments are not intended to limit the present 
15 invention. 

tBST KXAMFLC 1 

€-Caprolactam (16.99) was fed in a separable glass 
flask and dried with heating to 130% for 90 minutes, 
20 followed by addition of 70ag of sodium. The temperature of 
the mixture was raised to 170*0. After addition of 17. Ig 
of G-caprolatone in 20 minutes, the mixture was allowed to 

react with stirring for 60 minutes. Unreached materials 
were removed under a reduced pressure of lOmmHg or below at 
25 180 # C for 60 minutes. An aliphatic estwr-amide copolymer 
with an amide unit ratio of 50 aol % and a weight-average 
molecular weight of 8,900 was obtained. 

The above copolymer (5 parts) was added to 100 parts 
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of methanol and stirred for 6 hours while maintained at 
30*C, thereby obtaining a translucent resin mixture wherein 
the resin components were homogeneously dissolved. The 
mixture, heated to 60*C, became a transparent resin 
5 solution* 

A sheet of copper was dipped in the above resin 
solution and then dried* A translucent resin coating was 
formed on the surface of the copper sheet. The coated 
copper sheet was allowed to stand for a week. Nothing 

10 unusual, such as corrosion was observed on the surface of 
the co pp er sheet. 

A sheet of glass similarly coated with the resin was 
buried at a depth of 10mm from the surface in a laboratory 
dish filled with the soil. The dish was allowed to stand 

15 in an incubator at 30*C with the water content in the soil 
maintained at 50% to the maximum amount of water that the 
soil could contain. One month later, most of the coating 
had disappeared and black fungus were seen attaching to the 
surface of the remained film. Examination of the surface 

20 with a scanning electron microscope showed that the resin 
around mycelia of the fungus had disappeared. 

TS&T EXAMPLE 2 

E-Caprolactam (I6.9g) was fed in a separable glass 

25 flask and dried with heating to 120 m C for 90 minutes, 

followed by addition of 140mg of sodium. The temperature 
of the mixture was raised to 170 # C, To the mixture, 17. lg 
of Z~Caprolatone was once added and the mixture was allowed 
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to react with stirring for 60 minutes, unreacted materials 
were removed under a reduced pressure of lOmmHg or below at 
IBO^C for 60 minures. An aliphatic ester-amide copolymer 
with an amide unit ratio of 45 mol% and an weight-average 
5 molecular weight of 4,500 was obtained . 

The above copolymer (5 parts) was added to 100 parts 
of methanol and stirred for 6 hours while maintained at 
30 # c, thereby obtaining a transparent resin mixture wherein 
the resin components wore homogeneously dispersed. The 
10 mixture; heated to 60°C, became a transparent resin 
solution. 

A sheet of copper was dipped in the above resin 
mixture and then dried. An almost transparent resin 
coating film was formed on the surface of the copper sheet. 

15 The coated copper sheet was allowed to stand for a week. 
Nothing unusual such as corrosion was observed on the 
surface of the copper sheet. 

A sheet of glass coated similarly with the resin was 
buried at a depth of 10mm from the surface in a laboratory 

20 dish filled with the soil. The dish was allowed in the 
incubator at 30°C with the water content in the soil 
tpfllptatned at 50% to the maximum amount of water that the 
soil could contain. One month later, most of the coating 
had disappeared and black fungus were seen attaching to the 

25 surface of the remained coating. Examination of the 

surface by the scanning electron microscope showed that the 
resin around mycelia of the fungus had disappeared. 
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Prom the above two examples, it was confirmed that the 
aliphatic ester-amide copolymer with a weight-average 
molecular weight from about 1,000 to about 10 , 000 was 
soluble in an organic solvent which was not harmful to the 
5 human body without using any inorganic metal salt. It was 
also confirmed that the aliphatic ester-amide copolymer 
having aliphatic amide units at a ratio from about 10 to 
about 80 aol% exhibited biodegradability in soil. 

10 TEST KXAMPUS 3 

S-Caprolactam (40 parts) was fed in a polymer izer and 

dried at 130°C with a flow of .nitrogen for 90 minutes, 
followed by addition of 0.08 parts of sodium. The 
temperature of the mixture was raised to 170 # C with 

15 stirring. After addition of 60 parts of E-caprolatone, 

the mixture was copolymerised with further stirring for 60 
minutas. Then the volatile substances such as unreacted 
monomers in the polymerixer were removed under reduced 
pressure/ thereby obtaining an aliphatic ester-amide 

20 copolymer. The obtained copolymer was opaque and white, 
having an amide unit ratio of 30 moll and a weight-average 
molecular weight of 14,000. The copolymer <30g) was 
dissolved in 30g of formic acid to form a aolution. 
Paraformaldehyde (5g), methanol (5g) and sodium 

25 hydroxide (40mg) were mixed to! form a solution, which was 
mixed with the above copolymer solution in formic acid with 
heating to 60°c, After 10 minutes, 7g of methanol was 
added to the obtained solution, which was allowed to react 
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with stirring for another 30 minutes . 

The obtained resin solution is poured into a mixed 
solvent of water and acetone at a mixing ratio of 1 i 1 to 
precipitate a part of the resin* Then on adjusting the 
5 solution to pH9 with ammonia water, a large amount of 

viscous resii precipitated. After continuous stirring for 
3 hours, the precipitated resin was washed with water to 
complete the solidification/ and then it was ground, 
filtered and dried. The obtained H-methoxymethyl-modified 

10 copolymer was light -brownish flaky resin which was soluble 
in methanol and ethanol. 

The ratio of aliphatic amide units substituted with N- 
methoxymethyl to the whole units on the main chain was 
measured by mixing the obtained modified copolymer with 5% 

15 aqueous solution of hydrochloric acid and liberating 

methoxymethyl groups of the resin. The ratio was 0.25. 

DSC charts for the resin was obtained before and after 
the modification by means of DSC-200 type DSC apparatus 
manufactured by Seiko Electronics with a flow of nitrogen 

20 with heating at a rate of 10*C/min. The results are shown 
in Figs • 1 and 2 . The peak attributable to the amide 
structure observed around 214*C in Pig. 1 turned into a 
broad peak around 150*c and was hardly seen in Fig. 2. The 
weight-average molecular weight after the modification , 

25 13,000/ was almost the same as before the modification. 

The above modified copolymer (30 parts) was added to 
100 parts of ethanol and stirred with heating to about 
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50*C. A translucent viscous solution was obtained. The 
obtained resin solution was uniformly spread on a flat 
glass sheet and gradually dried at room temperature-. A 
flexible translucent film was formed. 
5 The obtained film (being about O.lram in thickness) 

was buried at a depth of 10mm from the surface in a 
laboratory dish filled with the soil. The dish was allowed 
to stand in the incubator at 30*C with the water content in 
the soil maintained at 50% to the maximum amount of water 

10 that the soil could contain. One month later, the film 
collapsed and a part of the film had disappeared. Black 
fungus were also seen attaching to the surface of the 
remained resin and examination of the surface with the 
scanning electron microscope showed that mycelia of the 

15 fungus and the resin therearouhd had disappeared. 

TEST EXAMPLE 4 

€-Caprolactam (60 parts) was fed in a polymarker and 

dried at 130°C with a flow of nitrogen for 90 minutes, 
20 followed by addition of 0.08 parts of sodium. The 

temperature was raised to 200*C with stirring. After 
addition of 40 parts of e-caprolatone, the mixture was 

copolymerized with further stirring for 30 minutes. Then 
the volatile substances such as unreacted monomers in the 
25 polyneriser were removed under reduced pressure, thereby 

obtaining an aliphatic ester-amide copolymer. The obtained 
copolymer was pale-yellowish and translucent, having a 
amide unit ratio of 60 mol% and a weight-average molecular 
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weight: of 13,000, The copolymer (20g) was dissolved in a 
mixture of formic acid (20g) and acetic acid (10g) to form 
a solution. 

The above copolymer solution in formic and acetic 
acids was mixed with heating to 60 # C to a solution of 
paraformaldehyde (lOg), methanol (lOg) and sodium hydroxide 
(80mg). After 10 minutes , about lOg of methanol was added 
to the obtained solution, which was allowed to react with 
stirring for another 30 minutes. 

The obtained resin solution was poured into a mixed 
solvent of water and acetone (1 i 1) to precipitate a part 
of the resin. Then on adjusting the solution to about pH8 
with ammonia water, a large amount of resin precipitated • 
The precipitated resin was dispersed in the form of 
fragments. After continuous stirring for 6 hours, the 
resin solidified in the form of fragments. Then the 
solidified resin was separated, and dried. The obtained Ho- 
rnet hoxyme thy 1 -modified copolymer was light-brownish 
particle resin which was soluble in methanol and ethanol. 

The ratio of aliphatic amide units substituted with li- 
me thoxyme thy 1 to the whole units on the main chain is 
measured by mixing the obtained modified copolymer with 5% 
aqueous solution of hydrochloric acid and liberating 
methoxymethyl groups of the resin. The ratio was 0.42. 

DSC charts for the resin was obtained before and after 
the modification in the manner as described in Test Example 
3. The results axe shown in Figs. 3 and 4. The sharp peak 
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attributable to the amide structure observed around 208°C 
in Pig. 3 turned into a broad vague peak between 140 and 
180°C in Pig. 4. The weight-average molecular weight after 
the modification/ 13/000, was almost the same as before the 
modification. 

The above modified copolymer (30 parts) was added to 
100 parts of ethanol and stirred with heating to about 
50 # C, thereby obtaining a translucent pale-yellowish 
viscous solution. The solution was uniformly spread on a 
flat giass sheet and gradually dried at room temperature. 
A flexible translucent film was formed. 

The obtained film (being about O.linm in thickness) was 
buried at a depth of 10mm from the surface in a laboratory 
dish filled with the soil. The dish was allowed to stand in 
the incubator at 30°C with the water content in the soil 
maintained at 50% to the maiHfflvun amount of water that the 
soil could contain. One month later, a part of the film 
collapsed and black fungus were seen attaching to the 
surface of the resin. Examination of the surface with the 
scanning electron microscope shewed that mycelia of the 
fungus and the resin therearound were destroyed and a part 
of the film had disappeared. 

ZEST EXAMPLE 5 

S-Caprolactam (75 parts) was fed in a polymerizer and 
dried at 130*C with a flow of nitrogen for 90 minutes, 
followed by addition of 0*06 parts of sodium. The 
temperature was raised to 230°C with stirring. After 
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addition of 25 parts of €-caprolatone, the mixture was 
copolymerized with further stirring for AO minutes. Then 
the volatile substances such, as unreacted monomers in the 
polymeriser were removed under reduced pressure, thereby 
5 obtaining an aliphatic ester-amide copolymer. The obtained 
copolymer was pale-yellowish and opaque, having an 
unit ratio of 95 moll and a weight -average molecular weight 
of 21,000. The copolymer. (15g). was dissolved in 20g of 
formic acid to form a solution. 

10 The above copolymer solution in formic acid was mixed 

with heating to 60*c with a solution of paraformaldehyde 
<15g), methanol (X5g) and sodiya hydroxide (80mg). After 
10 minutes, about lOg of methanol was added to the obtained 
mixture , which was allowed to react with stirring for 

15 another 3b minutes. 

The obtained copolymer solution was poured into a 
mixed solvent of water and acetone (1 i 1) to precipitate a 
pert of the resin. Then on adjusting of the solution to 
about pB9 with ammonia water, a large amount of resin 

20 precipitated in the form of fragments. After continuous 
stirring for 6 hours, the precipitated resin was washed 
with water, and then it was ground, filtered and dried. 
The obtained H-methoxymethyl~aodlfled copolymer was a 
brownish flaky resin which was soluble in methanol and 

25 ethanbl. The weight-average molecular weight after the 
modification was 22,000. 

The ratio of aliphatic amide units substituted with H- 

34 



BAD ORIGINAL 




2171498 

methoxymethyl to the whole units on the main chain was 
measured by mixing the obtained modified copolymer with 5\ 
aqueous solution of hydrochloric acid and liberating 
methoxymethyl groups of the resin. The ratio was 0.43. 
5 The above modified copolymer (30 parts) was added to 

100 parts of ethanol and stirred with heating to about 
50°C- A translucent pale-yellowish viscous solution was 
obtained. The solution was uniformly spread on a flat 
glass sheet and gradually dried at room temperature. A 

10 flexible translucent film was formed* 

The obtained film (being about 0.1mm in thickness) was 
buried at a depth of 10mm from the surface in a laboratory 
dish filled with the soil. The dish was allowed to stand in 
the incubator at 30*C with the water content in the soil 

15 maintained at 50% to the maximum amount of water that the 
soil could contain. One month later, little damage was 
seen with the film. Although a few black fungus were seen 
attaching to the surface of the resin r examination of the 
surface with the scanning electron microscope showed no 

20 destruction or disappearance of the resin around mycelia of 
the fungus • 

From the above examples, it was confirmed that the 
modified aliphatic eater-amide copolymers obtained by 
25 substituting a part or all of the hydrogen atoms of the 

aliphatic amide groups of the copolymer with hydroxymethyl 
and/or alkoxymethyl groups were soluble in an organic 
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solvent vhich was not harmful to the human body without 
using any Inorganic metal salt. Also It was observed that 
the aliphatic es tar- amide copolymers having aliphatic amide 
units at a ratio from about 10 to about 80 mol% exhibited 
5 biodegrad ability in soil. 

TEST EXAMPLE 6 

Calcium chloride anhydride (20 parts) was completely 
dissolved in 100 parts of methanol with mixing and stirring 
10 to form a transparent solvents Added to the solvent were 
20 parts of an ester-amide copolymer (the weight-average 
molecular weight being 15,000 and the ratio of amide units 
being 25 mol%) obtained by ring-opening copolymer ization of 
€-caprolactam and e-caprolactone. By stirring with 

15 heating to 60°C for 1 hour f the resin components were 

homogeneously dispersed and a transparent resin solution 
was obtained. The solution, allowed to stand at room 
temperature , became homogeneous white paste. 

The resin paste was heated to 60°C, applied on a flat 

20 glass sheet and dried. A white resin film was formed. The 
film, together with the glass sheet, was dipped in water 
for removing the inorganic metal salt and dried. A white 
resin film in adhesion to the glass surface was obtained* 

The above glass sheet coated with the resin was buried 

25 at a depth of 10mm from the surface in a laboratory dish 

filled with the soil. The dish was allowed to stand in the 
incubator at 30*C with the water content in the soil 
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maintained at about 50%. One month later, black fungus 
were mn attaching to the surface of the resin and a part 
of the film had disappeared. Examination of the surface 
with the scanning electron microscope showed that resin 
5 around mycelia of the fungus had disappeared. 

TEST EXAMPLE 7 

A milky resin mixture with the resin components 
homogeneously dispersed therein was obtained as described 
10 in Teat Example 6 except that ±be stirring was executed for 
6 hours at room temperature instead of heating to 60°c. 
The obtained resin mixture , when heated tc 60 # c, became an 
almost transparent resin solution. 

TEST EXAMPLE 8 

Lithium bromide (10 parts) was completely dissolved in 
100 parts of methanol with mixing and stirring to form a 
transparent solvent. To the solvent, 10 parts of the 
aliphatic ester-amide copolymer as described in Test 
Example 6 were added. By stirring at room temperature for 
6 hours , a milky resin mixture with the resin components 
homogeneously dispersed therein was obtained. The resin 
mixture, when heated to 60*0, become an almost transparent 
resin solution, and, when allowed to stand at room 
temperature, a part of the resin precipitated at the bottom 
of the container. The mixture was heated to 60*C, applied 
on a flat glass sheet and dried. A white resin film was 
formed. 
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TEST EXAMPLE 9 

Zinc bromide (10 ports) was completely dissolved in 
100 parts of methanol with mixing and stirring to form a 
5 transparent solvent. To the solvent , 10 parts of the 
aliphatic ester-amide copolymer as described in Test 
Example 6 were added. By stirring at room temperature for 
6 hours , a milky resin mixture with the resin components 
homogeneously dispersed therein was obtained. The resin 

10 mixture , when heated to 60 # C, became an almost transparent 
resin solution and, when allowed to stand at room 
temperature, a part of the resin precipitated at the bottom 
of the container. The mixture was heated to 60*C, applied 
on a flat glass sheet and dried. A white resin film was 

15 formed. 

TEST EXAMPLE 10 

Calcium nitrate tetrahydrate (10 parts) was completely 
dissolved in 100 parts of methanol with mixing and stirring 

20 to form a transparent solvent. To the solvent, 10 parts of 
the aliphatic ester-amide copolymer as described in Test 
Example 6 were added. By stirring at room temperature for 
6 hours, a milky resin mixture with the resin components 
homogeneously dispersed therein was obtained. The mixture, 

25 when heated to 60*c, became an almost transparent resin 

solution and, when allowed to stand at room temperature , a 
part of the resin precipitated, at the bottom of the 
container. The mixture was heated to 60*C, applied on a 
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flat glass sheet and dried. A white resin film was formed. 
The film, together with the glass sheet, was dipped in 
water for removing the inorganic metal salt and dried, A 
white resin film excellent in adhesion to the glass surface 
5 was obtained. 

TEST EXAMPLE 11 

Calcium chloride anhydride (1C parts) was completely 
dissolved in 100 parts of ethanol with mixing and stirring 

10 to form a transparent solvent.. To the solvent, 5 parts of 
the aliphatic ester-amide copolymer as described in Test 
Example 6 were added. By stirring at room temperature for 
3 hours , a transparent resin mixture with the resin 
components homogeneously dispersed therein was obtained. 

15 The mixture was applied on a flat glass sheet and dried. A 
white resin film was formed. The film r together with the 
glass sheet, was dipped in water for washing the inorganic 
metal salt and dried. A white resin film excellent in 
adhesion to the glass surface was obtained. 

20 

TEST EXAMPLE 12 

Lithium chloride (10 parts) was completely dissolved 
in 100 parts of ethanol with mixing and stirring to form a 
transparent solvent. To the solvent, 10 parts of the 
25 aliphatic ester-amide copolymer as described in Test 

Example 6 were added. By stirring at room temperature for 
6 hours, a mil)cy resin mixture with the resin components 
homogeneously dispersed therein was obtained. The mixture, 
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when heated to 60 C C / became an almost transparent resin 
solution and, when allowed to stand at room temperature, a 
part of the resin precipitated in gel . The mixture, 
heated to 60*C, was applied on a flat glass sheet and 
5 dried. X white resin film 'was formed. 

TEST EXAMPLE 13 

Calcium chloride (10 parts) was completely dissolved 
in 100 parts of 2-ethoxyethanol with mixing and stirring to 

10 form a transparent solvent. To the solvent, 10 parts of 
the aliphatic ester-amide copolymer as described in Test 
Example 6 were added. By stirring at room temperature for 
6 hoars, a milky resin mixture with" the resin components 
homogeneously dispersed therein was obtained. The mixture, 

15 when heated to 60*0, became an almost transparent resin 

solution and, when allowed to stand at room temperature, no 
precipitation of the resin wae observed. The mixture, 
heated to 60*c, was applied on a flat glass sheet and 
dried. A white resin film was formed. 

20 

TEST EXAMPLE 14 

Zinc chloride (5 parts) was completely dissolved In 
100 parts of 2-methoxyethanol with mixing and stirring to 
form a transparent solvent. To the solvent, 5 parts of the 
25 aliphatic eater-amide copolymer as described in Test 

Example 6 were added. By stirring at room temperature for 
6 hours, a milky resin mixture with the resin components 
homogeneously dispersed therein was obtained. The mixture, 
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when heated to 60*c , became an almost transparent resin 
solution and, when the mixture was allowed to stand at room 
temperature, no precipitation ol the resin was observed. 
The mixture, heated to 60*C, was applied on a flat glass 
5 sheet and dried. A white resin film was formed. 

TEST EXAMPLE 15 

Calcium chloride (10 parts) was completely dissolved 
in 100 parts of anhydrous acetic acid with mixing and 

10 stirring to form a transparent solvent. To the solvent, 10 
parts of the aliphatic ester-amide copolymer as described 
in Test Example 6 were added. By stirring at room 
temperature for 6 hours, a transparent resin mixture with 
the resin components homogeneously dissolved therein was 

15 obtained. When the mixture was allowed to stand at room 
temperature, no precipitation of the resin was observed. 
The mixture was applied on a flat glass sheet and dried. A 
white resin film was formed* 

20 TEST EXAMPLE 16 

Calcium chloride (10 parts) was completely dissolved 
in 100 parts of methanol with mixing and stirring to form a 
transparent solvent. Added to the solvent were 10 parts of 
an aliphatic ester-amide copolymer (the weight -average 
25 molecular weight being 12,000 and the ratio of amide units 
being about 20 mol%) obtained by ring-opening 
copolymer Lz at ion of €-caprolactone and a-pyrrolidone. By 

stirring for 4 hours with maintaining 30*C, a milk-white 
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resin mixture with the resin components homogeneously 
dispersed therein was obtained. When the mixture was 
heated to 60 a c, it became an almost transparent resin 
solution. The mixture was applied on a flat glass sheet 
5 and dried. A white resin film was formed. 

COMPARATIVE EXAMPLE 1 

Polycaprolactone (1 part) ("PLACCKL H7- manufactured 
by Daicel Chemical industries, Japan), which is an 

10 aliphatic polyester with a weight-average molecular weight 
of 40,000, was added to 100 parts of the solvent prepared 
as described in Test Example 6. In spite of stirring for 6 
hours with maintaining 30*0, homogeneous dispersion of the 
resin components was not achieved, and when allowed to 

15 stand, most of the resin components precipitated. When the 
mixture was heated to 60*C, the resin melted but was not 
dissolved or dispersed in the solvent. 

.Prom the above, it was confirmed that the aliphatic 
ester-amide copolymers containing the inorganic metal salts 

20 could be dissolved or dispersed in the organic solvents 
which wore not harmful to the human body. It was also 
confirmed that the aliphatic ester-amide copolymers having 
aliphatic amide units at a ratio from about 10 to about 80 
aol% exhibited biodegradability in soil. 

25 Purther compositions of the aliphatic ester-amide 

copolymers will be described in detail with reference to 
test examples, wherein the configurations of the copolymers 
are changed by using the aliphatic ester-amide copolymer 
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mixtures wherein the resins are dissolved in organic 
solvents which are not harmful to the human body and 
removing the inorganic solvents from the resin mixtures. 

5 

TEST EXAMPLE 17 

6-Caprolactone and S-caprolactam were polymerized by 
ring-opening with metallic sodium as an initiator to 
prepare an aliphatic ester-amide copolymer with an amide 
10 unit ratio of 25% and a weight-average molecular weight of 
25,000. 

The obtained copolymer (25 parts) and calcium chloride 
(25 parts) were added to 100 parts of methanol, and 
dissolved with heating to about 60*C with stirring to form 

15 a solution. The solution was dried at room temperature to 
evaporate the methanol, thereby a composition of the 
aliphatic ester-amide copolymer being obtained <. 

The obtained aliphatic ester-amide copolymer (Ig) was 
added to. lOg of an organic solvent of methanol and ethanol 

20 at a weight ratio of 50 i 50/ and was dissolved with 
stirring to obtain a solution. 

The obtained solution was applied on a flat glass 
sheet and, by evaporating the above organic solvent under a 
circumstance of low humidity (the relative humidity being 

25 about 30%), formed was a film with a thickness of 0.21mm 
consisting of the aliphatic ester-amide copolymer. The 
obtained film was cut into a sample of 4 x 5cm. The sample 
weighed 458mg. The sample was allowed to stand in the 
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laboratory (at a temperature o£ about 23°C at a humidity 
irom about 60 to about 80%) for a week. The weight thereof 
increased to 688109, which proved good moisture-absorption 
characteristics of the film. . 

Also the obtained film was buried at a depth of 10mm 
from the soil surface in a container filled with the soil, 
and was allowed to stand in the incubator at 30°c with the 
water content in the soil maintained at about 50%. One 
month later, black fungus were seen attaching to the 
surface of the resin and a part of the film had 
disappeared. Examination of the surface with the scanning 
electron microscope showed that the resin around mycelia of 
the fungus had disappeared* 

TEST EXAMPLE 18 

€-Caprolactone and e-caprolactam were polymerized by 
ring-opening with metallic sodium as an initiator to 
prepare an aliphatic ester-amide copolymer with an amide 
unit ratio of 25% and a weight-average molecular weight of 
25,000. 

The obtained copolymer (50 parts) and calcium chloride 
(50 parts} were kneaded at about lOO^C by means of a 
heating kneader (Labo Plastomil) to obtain a composition of 
the aliphatic ester-amide copolymer. 

The obtained composition of the aliphatic ester-amide 
copolymer (10g) was added to. 10 Og of methanol and dissolved 
with stirring to obtain a solution. 

The obtained solution was poured into a circular 



44 



BAD ORfGiNAL ffl 



2171498 



container with a cross-shaped convex at: the bottom* By 
evaporating the above organic solvent, a coaster with a 
thickness of 2 . lmm made of the. composition of the aliphatic 
ester -amide copolymer was formed. 
5 The coaster , as in Test Example 17, was buried at a 

depth of 10mm from the soil surface, and was allowed to 
stand in the incubator at about 30*C with the water content 
in the soil maintained at about 50%. One month later, 
black fungus were seen attaching to the surface of the 
10 resin and a part of the resin had disappeared. Examination 
of the surface with the scanning electron microscope showed 
that the resin around mycelia of the fungus had 
disappeared. 

15 

TEST EXAMPLE 19 

€-Caprolactone and e-caprolactam were polymerized by 
ring-opening with metallic sodium as an initiator to obtain 
an aliphatic ester-amide copolymer with an amide unit ratio 
20 of 25 mol% and a weight-average molecular weight of 25/000. 
The resin was translucent and pale-yellow. 

The obtained aliphatic ester-amide copolymer (25 
parts) was completely dissolved in a solution of calcium 
chloride (25 parts) in methanol (100 parts) by stirring 
25 with heating to 60°C. 'The obtained resin mixture was 
viscous liquid with a little turbidity. 

The resin mixture (4*4g) was poured into a laboratory 
dish (with an inner diameter of 90mm) with a flat bottom. 
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By gradual evaporation of the alcohol at room temperature/ 
a film was formed. The obtained film was translucent and/ 
when the film waa allowed to stand in the room, globules 
due to deliquenscence of calcium chloride were observed on 
the surface of the film. DeiondLzed water was poured in the 
dish, which was then allowed to stand for an hour. The 
film became cloudy and easy to peel off the dish* The film 
peeled off the dish was again dipped in deionized water for 
3 hours and dried. A sample with an average thickness of 
100pm cut out from the film had a bulk density of 
0.46g/cm 3 . Since the specif ic gravity of the aliphatic 
ester-amide copolymer was 1.14, the. volume ratio was 2.47. 

Examination of the film with the scanning electron 
microscope showed that the film was homogeneously porous 
with a lot of micropores (with diameters from about 1 to 
about 10pm) observed on the surface and in the inside. 
Photographs of the film surface with the scanning electron 
microscope are shown in Figs. 5 (at a magnification of 350 
X) and 6 (at a magnification of 7 # 500 *)• 

TEST EXAMPLE 20 

S-Caprolactone and e-caprolactam were polymerized by 

ring-opening with metallic sodium as an initiator to obtain 
an aliphatic ester-amide copolymer with an amide unit ratio 
of 30 moll and a weight-average molecular weight of 14/000. 

The obtained aliphatic ester-amide copolymer (25 
parts) was completely dissolved in a solution of calcium 
chloride (25 parts) in methanol (100 parts) by stirring 
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with heating to 60«c. The obtained resin mixture was milky 
viscous liquid at 60-C, and loot its fluidity and 
solidified when allowed to stand at room temperature. 

The resin mixture (4.4g), homogenised by heating to 
60»c, was poured into a laboratory dish (with an inner 
diameter of 90mm) with a <lat bottom. By gradual 
evaporation of the alcohol with heating to 60°C, a film was 
formed. Few cracks appeared during the formation of the 
film, which was homogeneous. When the film was allowed to 
stand in the room, globules due to deliquescence of calcium 
chloride ware observed on the surface of the film. 
Deionized water was poured in the dish, which was allowed 
to stand for an hour. The film was easily peeled off the 
dish. The film peeled off the dish was again dipped in 
deionized water for 3 hours and dried. A sample with an 
average thickness of 370pm cot out from the film had a bulk 
density of 0.49g/cm3. since the specific gravity of the 
aliphatic ester-amide copolymer was 1.14, the volume ratio 
was 2.33. 

TEST EXAMPLE 21 

€-Caprolactone and €-caprolactam were polymerized by 
ring-opening with metallic sodium as an initiator to obtain 
an aliphatic ester-amide copolymer with an amide unit ratio 
of 30 mol% and a weight-average molecular weight of 14,000. 

The obtained aliphatic ester-amide copolymer (25 
parts) was homogeneously dissolved in a solution of calcium 
chloride (25 parts) in methanol (100 parts) by stirring 
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with heating to 60*C. The obtained resin mixture was milky 
viscous liquid at 60°C, and lost its fluidity and 
solidified when allowed to stand at room temperature. 

The resin mixture (4.4g), homogenized by heating to 
5 60*C, was poured into a laboratory diah (with an inner 

diameter of 90mm) with a flat bottom. Immediately, 50ml of 
deionised water was slowly poured. The resin mixture was 
dispersed in water, simultaneously precipitating white 
resin in the form of sponge. An hour later , deionised 
10 water was changed and the dish was allowed to stand for 
another 3 hours. Then the spongy resin was taken out and 
dried. 

A sample with an average thickness of 3.4mm cut out 
from the obtained resin had a bulk density of 0.18g/cm3. 

15 Since the specific gravity of the aliphatic ester-amide 

copolymer was 1.14/ the volume ratio was 6*3. The spongy 
resin had a laminar structure with a large number of voids 
observed on the surface but a relatively small number of 
voids in the inside of the sample. 

20 The porous resins obtained by using the mixtures of 

aliphatic ester-amide copolymers prepared in Test Bzamples 
18 to 20 with organic solvents and removing the organic 
solvents to change the configurations of the resin 
compositions can be used as various kinds of filters, 

25 moisture absorbing sheets, and further biodegradable 

materials in agriculture, forestry or fishery by taking 
advantage of the biodegradable characteristics ox the 
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copolymer . 

TEST BZAMPUS 22 

e-Caprolactone and e-caprolactam were polymerized by 

a ring-opening with sodium as an initiator to obtain an 

opaque ml 1 3c- white aliphatic ester-amide copolymer with an 
amide unit ratio of 30 moll and a weight-average molecular 
weight of 14,000. 

The obtained aliphatic ester-amide copolymer (25 

10 parts) was homogeneously dissolved in a solution of calcium 
chloride (25 parts) in methanol (25 parts) by stirring with 
heating to about 60*C. The obtained resin mixture was 
milky viscous liquid at 60^C # and lost its fluidity and 
solidified when allowed to stand at room temperature. The 

15 resin mixture was diluted 10 times by weight with methanol. 

When the above resin mixture was added dxopwiae with 
stirring by a magnetic stirrer into aqueous solution of 
acetone at a volume ratio of acetone and water of 1 i 2, 
the resin precipitated in the form of particles* The 

20 precipitated resin was separated/ dried and examined with 
the scanning electron microscope. The resin was 
homogeneous porous fine particles with diameters from 1 to 
lOym with a lot of pores observed on the surface and 
inside. 

25 

TEST EXAMPLE 23 

A resin mixture diluted with 10 times (by weight) of 
methanol was prepared as described in Test Example 22. 
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When the resin mixture was added dropwise into water 
stirred with magnetic stirrer/ the resin precipitated in 
the form of particles. Compared with the resin particles 
in Test Example 21, a little more sticking were observed 
5 between particles, but examination with the scanning 

electron microscope of the precipitated resin separated and 
dried showed that it was homogeneous porous fine particles 
with diameters from 1 to 20jmu 

10 TEST EXAMPLE 24 



Test Example 22 except that it was diluted 3 times (by 
weight) with methanol. When the resin mixture was added 
dropwise into diethyl ether* stirred with a magnetic 

15 stirrer, the resin precipitated in the form of fine 

particles ♦ The precipitated resin was separated , dried in 
the incubator at 30*c at a relative humidity of about 30% 
and then allowed to stand in a room at a relative humidity 
of about 60%. The calcium chloride in the fine particles 

20 deliquesced and fine particles became moist, .which proved 
that the fine particles obtained in the example had good 
moisture-absorption characteristics. 

As shown in Test Examples 22 to 24, the aliphatic 
ester-amide copolymers can be made into porous fine 

25 particles by using the aliphatic ester-amide copolymers 
dissolved or dispersed in an organic solvent which is not 
harmful to the human body and modifying the configuration 
thereof through removing the organic solvent from the 



A resin mixture liquid was prepared as described in 
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mixture without using any toxic or environmentally harmful 
solvent. 

TEST EXAMPLE 25 

E-caprolactone and e-caproiactam were polymerised by 
ring-opening with sodium as an initiator to obtain an 
aliphatic ester-amide copolymer. The copolymer was opaque 
and milk-white, and had an amide unit ratio of 30 mol% and 
a weight-average molecular weight of 14/000. 

The above aliphatic ester-amide copolymer (25 parte) 
was homogeneously dissolved in a solution of calcium 
chloride (10 parts) in methanol (100 parts) by stirring 
with heating to about 60 # C. The obtained rasin mixture vae 
milky viscous liquid at about 6Q*C, and lost its fluidity 
and solidified when allowed to stand at room temperature. 

into the resin mixture which was in a homogeneous 
viscous solution state with heating to 60°c, a granular 
compound fertilizer (a commercially available fertilizer of 
phosphorus, ammonium nitrate and potassium) with a particle 
<Hamer e r of 3 mm and a mean weight of 25mg was dipped and 
taken out, the surface of the fertilizer being covered with 
the resin mixture. The fertilizer was allowed to stand in 
the incubator at about 30 # C at a relative humidity of about 
30% so that the methanol evaporated and the resin coating 
was obtained. The coated granular fertilizer was 29mg in 
mean weight and the weight ratio of the resin coating to 
the fertilizer granules was 16%. 

The ability of the resin- coating to restrain 
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fertilizer components from diaaolution waa examined in the 
following manner- The coated granular fertilizer was put 
in a test tube fed with 10ml .of water and the concentration 
of phosphorus components dissolved in water was measured at 
5 regular intervals by means of. ICP emission spectroscopic 
analyzer (SFS-4000 type manufactured by Seiko Blectronics, 
Japan). Also for an uncoated granular fertilizer with a 
mean wight of 25mg, the concentration of dissolved 
phosphorus components was measured regularly in the same 
10 manner. The results of both the measurements are shown in 
Pig. 7. 

Pig. 7 shows that the dissolution of phosphorus was 
restrained to about 70% ia the coated fertilizer. 

The biodegradability of the aliphatic eater-amide 
15 copolymer similarly synthesized was also examined by 

measuring the amount of carbon dioxide gas generated when 
the powdered copolymer was biodegrated in activated sludge. 
The result was that the amount of carbon dioxide gas 
generated for the first 22 days corresponded to 67% 
20 biodegradation, proving that the copolymer had sufficient 
biodegradability . The biodegradation of polycaprolactone 
( "PLACCKL HI" manufactured by Daicel Chemical Industries) 
which was biodegradable plastics measured in the same 
manner was 75%. 

25 A pressed film made of the same aliphatic ester-amide 

copolymer with an average thickness of 0.34mm was buried at 
a depth of 10mm from the soil surface in a laboratory dish 
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filled with the soil. The dlah was then allowed to stand 
in the incubator at about 30°C with the water content in 
the soil maintained at about 30%. One month later, black 
fungus was seen attaching to the surface of the resin and a 
5 part of the film had disappeared. The weight reduced by 
40%. Examination of the pressed film with the scanning 
electron microscope, showed that the resin around the fungus 
had disappeared. 

10 TEST EXAMPLE 26 

€-Caprolactone and 6-caprolactam were polymerized by 
ring-opening with sodium as an initiator to obtain an 
aliphatic ester-amide copolymer. The copolymer was 
translucent and pale-yellow, having an amide unit ratio of 

15 45 mol% and a weight-average molecular weight of 13/000. 
The obtained aliphatic ester-amide copolymer (25 
parts) was homogeneously dissolved in a solution of calcium 
chloride (25 parts) in methonal (100 parts) by stirring 
with heating to about 60*C. The obtained resin mixture was 

20 pale-yellow milky viscous liquid at about 60°C, and did not 
lose its fluidity even when allowed to stand at room 
temperature. 

Into the resin mixture, a granular compound fertilizer 
(a commercially available fertilizer of phosphorus, 
25 ammonium nitrate and potassium) with a granule diameter of 
about 3mm and a mean weight of 25mg was dipped and taken 
out, the surface of the fertilizer being covered with the 
resin mixture. The fertilizer was then dipped in water and 
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dried r thereby the coated granular fertilizer being 
obtained, which was 32mg in mean weight (the weight ratio 
of the resin coating to the fertilizer granules being 28% )♦ 
The ability of the resin coating to restrain 
5 fertilizer components from dissolution was compared with 
uncoated fertilize - granules of the same weight in the saske 
manner as described in Test Example 25. The amount of 
phosphorus components dissolved from the coated granular 
fertilizer was about 75% o£ that from the uncoated 

10 particulate fertilizer/ proving that the resin coating was 
effective in slow releasing* 

The biodegradability of the aliphatic ester-amide 
copolymer in activated sludge was also measured and the 
amount of carbon dioxide gas generated for the first 28 

15 days corresponded to 60% biodegradation. Further the 

biodegradability of a pressed film made of the aliphatic 
eater •amide copolymer with an average thickness of 0.34mm 
was examined in. the soil. One month later, black fungus 
was seen attaching to the surface of the resin and the film 

20 was observed partially having disappeared and cracked. The 
weight reduced by about 3S%, which proved that the 
copolymer had sufficient biodegradability. 



Example 25 was homogeneously dissolved to a solution of 
calcium chloride (10 parts) in methanol (100 parts) by 
stirring with heating to about 60 # c. The resin mixture was 



TEST EXAMPLE 27 



25 



The ester-amide copolymer (25 parts) as used in Test 
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inilJcy viscous liquid at 60*0, and lost its fluidity and 
solidified when allowed to stand at room temperature. The 
above aliphatic eater-amide copolymer, when heated, started 
to soften at 70 # C and melted at 170°C. . 



homogeneous viscous liquid state by heating to 60°C, a 
granular compound fertilizer < a commercially available 
fertilizer of phosphorus, ammonium nitrate and potassium) 
with a granular diameter of about 3mm and a mean weight of 

10 25mg was dipped and taken out, the surface of the 

fertilizer being covered with the resin mixture. After the 
fertilizer was allowed to stand at room temperature for 
eve per at ion of the methanol, it was dipped in water and the 
resin coating was obtained. The resin film of the coated 

15 granular fertilizer was examined with the scanning electron 
microscope and it was found to be a porous film with a 
number of pores observed on the surface. 

Further, the ooated granular fertilizer, after being 
uniformly heated to about 100*C by means of a hot-air 

20 generator so that the resin on the surface softened, was 
cooled at room temperature. Examination of the film 
surface with the scanning electron microscope showed that 
the surface was smooth with few pores seen thereon. 



25 the concentration of phosphorus dissolved therefrom was 

measured with time. For uncoated fertilizer granules with 
a mean weight of 25mg, the concentration of phosphorus 



5 



Into the above resin mixture which was in a 



The coated granular fertilizer was dipped in water and 
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dissolved therefrom was also measured with time in the same 
manner. Both the results are ahovn in Fig, 8. 

As clearly shown in Fig. 8, when the film surface was 
smoothed with heating after the coating, the dissolution of 
5 fertilizer components therefrom for the first 4 hours was 
reduced to about 5% or below, compared with the uncoated 
fertilizer. The coating was proved to be significantly 
effective. 

10 TEST EXAMPLE 28 

The same aliphatic ester-amide copolymer (25 parts) as 
used in Test Example 26 was homogeneously dissolved in a 
solution of calcium chloride (25 parts) in methanol (100 
parts) by stirring with heating to about 60°C. The resin 

15 mixture was milky pale-yellow viscous liquid at 60 C C, and 
did not lose its fluidity even when allowed to stand at 
room temperature. The above aliphatic ester-amide 
copolymer, when heated, started to soften at 130°C and 
melted at 170°c. 

20 Into the above resin mixture, a granular compound 

fertilizer (a commercially available fertilizer of 
phosphorus, ammonium nitrate and potassium) with a granular 
diameter of about 3mm and a mean weight of 25mg was dipped 
at room temperature and taken out, the surface of the 

25 fertilizer being covered with the resin mixture. After the 
fertilizer was allowed to stand at room temperature for 
evaporating the methanol, it was dipped in water and dried 
at room temperature, thereby the resin coating being 
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obtained. The coating film of the coated granular 
fertilizer was examined with the scanning electron 
microscope and it was a porous film with a number of pores 
observed on the surface. 
5 Further, the coated granular fertilizer, after being 

uniformly heated to about 1S0°C by means of a hot-air 
generator so that the resin on the film surface softened, 
was cooled at room temperature Examination of the film 
surface with the scanning electron microscope showed that 

10 the surface was smoothed compared with the surface before 
the heating, but some pores was still seen on the surface. 
Examination of the film with a video microscope showed that 
the inside of the film contained a number of cells. 

The coated granular fertilizer was dipped in 10ml of 

15 water and the concentration of phosphorus dissolved 

therefrom was measured with time. For uncoated fertilizer 
granules with a mean weight of 25mg, the concentration of 
dissolved phosphorus was also measured with time in the 
same manner. Both results are shown in Fig. 9. 

20 As clearly shown in Fig. 9, when the film surface was 

smoothed with heating af tar the coating , the dissolution of 
fertilizer components therefrom for the first 4 hours was 
reduced to about 50% or below, compared with the uncoated 
fertiliser. 

25 As shown in Test Examples from 25 to 28, by changing 

the configurations of the aliphatic ester-amide copolymers 
dissolved in the organic solvents which does not harm the 
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Human body by removing the organic solvents, a granular 
fertiliser can be coated with the biodegradable resins 
without using any toxic or environmentally harmful solvent 
so that residual coating rosins will not destroy the 
environment and the coated granular fertilizer with 
excellent slow-effectiveness can be obtained. 
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What: is claimed 1st 

1. A composition of an aliphatic ester-amide copolymer 
which is soluble in an organic solvent with an LD50 value 

5 (orally administered to a rat) of about 2,000 xng/kg or 
more/ 

2. A composition according to claim 1 in which the 
aliphatic egter-amd.de copolymer has a weight-average 

10 molecular weight within the range from about 1,000 to about 
10,000. 

3. A composition according to claim 2 in which the 
aliphatic ester-amide copolymer is constituted of; 

15 an ester unit represented by the following formula 

-O-Rl-CO- (1) 

, wherein Ri represents a C1-6 straight-chain alkylene 
group or a branched chain alley lene group in which a part of 
20 the hydrogen atoms of said straight-chain aUcylene group 
is /are substituted with a C1-3 aUcyl group , 

and/or the following formula (2)t 

-O-R2-OCO-R3-CO- (2) 

, wherein R2 represents a C2-6 straight-chain alJcylene 
25 group or a branched chain alJcylene group in which a part of 
the hydrogen atoms of said straight-chain alJcylene group 
is /are substituted with a C1-3 aUcyl group and R3 
represents a C2-10 straight-chain alJcylene group or a 
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branched chain alkylene group in which a part of the 
hydrogen atoms of said straight-chain alkylene group is/are 
substituted with a Ci-a alJcyl group; and 

an amide unit represented: by the following formula 

(3): 

-NH-R4-CO- (3) 
, wherein R4 represents a C2-12 straight-chain 
alkylene group or a branched chain alJcylene group in w&ich 
a part of the hydrogen atoms of said straight-chain 
alJcylene group is/are substituted with a C1-3 alJcyl group, 

and/or the following formula (4) 

-KH-R5-NHCO-R6-CO- (4) 

, wherein R5 represents a C2-6 straight-chain alkylene 
group or a branched chain alJcylene group in which a part of 
the hydrogen atoms of said straight-chain alJcylene group 
is /are substituted with a C1-3 alJcyl group and r$ 
represents a C2-10 straight-chain alJcylene group or a 
branched chain alJcylene group in which a part of the 
hydrogen atoms of said straight-chain alJcylene group is /are 
substituted with a C3.-3 alJcyl group. 

4. A composition according to claim 2 in which the 
aliphatic ester-amide copolymer is biodegradable. 

5. A composition according to claim 2 in which the 
aliphatic ester-amide copolymer contains aliphatic amide 
units at a ratio within th« range from about 10 to aJsout 80 
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mol% on the main chain. 

6. A composition according to claim l in which the 
aliphatic ester-amide copolymer is a modified aliphatic 

5 ester-amide copolymer in which a part or all of the 

hydrogen atoms of the amide groups thereof are substituted 
with an alkoxymethyl and/or hydroxymethyl group. 

7. A composition according to claim 6 in which the ester 
10 unit of the modified aliphatic ester-amide copolymer is 

represented by the formula (l)t 

-O-Rl-CO- (1) 

, wherein Ri represents a Ci-6 straight -chain alley lene 
group or a branched chain alkylene group in which a part of 
15 the hydrogen atoms of said straight-chain alkylene group 
is /are substituted with a Ci-3 alkyl group, 
and/or the formula (2)i 
-0-R2 -OCO-R3 -CO- (2) 

, wherein R2 represents a C2-6 straight-chain alkylene 
20 group or a branched chain alkylene group in which a part of 
the hydrogen atoms of said straight-chain alkylene group 
is /are substituted with a C1-3 Alkyl group and R3 
represents a C2-10 straight-chain alkylene group or a 
branched chain alkylene group in which a part of the 
25 hydrogen atoms of said straight-chain alkylene group is/are 
substituted with a C1-3 alkyl group. 
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8. A composition according to claim 6 in which the 
modified aliphatic ester-amid copolymer contains an amide 
unit represented by the following formula ( 3 ' ) : 
-HR7-R4-CO- (3 • ) 

5 , wherein R7 represents a hydrogen atom, an 

alkoxymethyl or hydroxymethyl group and R4 represents a C2- 
12 straight-chain alkylene group or a branched chain 
aUcylene group in which a part of the hydrogen atoms of 
said straight-chain alJcylene group is /are substituted with 
10 a C1.3 alkyl group, 

and/or the following formula ( 4 1 ) : 

-NR7-R5-NR7CO-R6-CO- (4*) 
/ wherein two R7 are, the same or different, as 
defined in the above formula (3*), R5 represents a C2-6 

15 straight-chain alkylene group or a branched chain alkylene 
group in which a par*, of the hydrogen atoms of said 
straight-chain alkylene group is /are substituted with a Ci- 
3 alkyl group, and R$ represents a C2-10 straight -chain 
alkylene group or a branched chain alkylene group in which 

20 a part of the hydrogen atoms of said straight-chain 

alkylene group is /are substituted with a C1-3 alkyl group • 

9 . A composition according: to claim 6 in which the 
aUcoxymethyl group is represented by the following formula 
25 (5)t 

-CH2-O-R8 (5) 

, wherein R8 represents a Ci-6 straight-chain alkyl 
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group or a branched chain alkyl group in which a part of 
the hydrogen atoms of said straight-chain alkyl group 
is /are substituted with a methyl group. 

5 10. A composition according to claim 6 in which the 

modified aliphatic ester-amide copolymer is biodegradable. 

11. A composition according to fclaim 6 in which the 
modified aliphatic ester-amide copolymer has amide units at 

10 a ratio within the range from about 10 to about 80 mol% on 
the- main chain* 

12. A composition according to claim 6 in which the 
product of the ratio of amide units wherein the hydrogen 

15 atoms of the amide groups are substituted with alkbxymethyl 
and/or hydroxymethyl to all the amide units of said 
copolymer and the ratio of all the amide units to all the 
units of sai copolymer is within the range from about 0.1 
to about 0*6. 

20 

13. A composition according to claim 6 in which the peak 
attributable to crystalline amide groups on the 
differential scanning calorimeter (DSC) chart shifts to a 
lower temperature than that of the basic unmodified 

25 copolymer or disappears. . 
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14. X composition according to claim 1 comprising an 
aliphatic ester-amide copolymer and an inorganic metal 
salt* 

5 15. A composition according to claim 14 in which the 

inorganic metal a alt is at least one inorganic metal salt 
selected from the group consisting of a halide, nitrate and 
thiocyanate of a metal of group la, Ha, lb or lib of the 
periodic table having an atcoic number of 38 or less, or a 
10 mixture thereof. 

16. A composition according to claim 14 in which the 
aliphatic ester-amide copolymer is constituted of; 
an ester unit represented by the formula < 1 ) : 
15 -o-Ri-co- (1) 

, wherein Ri represents a C3-6 straight-chain al)cylene 
group or a, branched chain alJcylene group in which a part of 
the hydrogen atoms of said straight-chain alJcylene group 
is/are substituted with a Ci-3 alky 1 group, 
20 and/or the formula (2)t 

-0-R2-OCO-R3-CO- (2) 

z wherein R2 represents a C2-6 straight-chain alJcylene 
g r o u p or a branched chain alJcylene group in which a part of 
the hydrogen atoms of said straight-chain alJcylene group 
25 is /are substituted with a C1-3 alkyl group and R3 

represents a C2-10 straight-chain al)cylene group or a 
branched chain alJcylene group in which a part of the 
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hydrogen atoms of said straight-chain alkylene group is /axe 
substituted with a C1-3 alkyl group; and 

an amide unit represented by the formula (3)t 

-BH-R4-CO- (3) 
5 9 wherein R4 represents a C2-12 atraight-chain 

aUcylene group or a branched chain alJcylene group in which 
a part of the hydrogen atoms of said straight-chain 
alJcylene group is /are substituted with a C1-3 alkyl group, 

and/or the following formula (4) 
10 -KH-R3-NBCO-R6-CO- (4) 

, whsrsin R5 represents a C2-6 straight -chain alkylene 
group or a branched chain aUcylene group in which a part of 
the hydrogen atoms of said straight-chain alkylene group 
is/are substituted with a C1-3 allcyl group and R6 
15 represents a C2-10 straight-chain alkylene group or a 
branched chain alky lens group in which a part of the 
hydrogen atoms of said straight-chain alXylene group is /are 
substituted with a C1-3 alkyl group. 

20 17. A composition according to claim 14 in which the 
aliphatic ester-amide copolymer is biodegradable. 

18. A composition according to claim 2 in which the 
aliphatic ester-amide copolymer contains aliphatic amide 
25 units at a ratio within the range from about 10 to about 80 
mol% on the main chain. 
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19. A solution of an aliphatic ester- amide copolymer in 
which the copolymer is dissolved in an organic solvent with 
an LD50 value (orally administered to a rat) of about 2,000 
mg/kg or more in the presence or absence of an inorganic 
5 metal salt. 

20* A solution according to claim 19 in which the organic 
solvent is at least one compound selected from the group 
consisting of an aliphatic alcohol wherein the number of 
10 carbon atoms on a continuous carbon chain is 6 or less, a 
glycolic ether the compound represented by the following 
formula (A) t 

R9(OCH2CH2)nRlO (4) 

§ wherein R9 represents a C1-4 alkyl group, Rio 
15 represents a hydroxy! , C1-4 alJtoxy, amino or acetyl group, 
and n is an integer from 1 to 3, an aliphatic acid having S 
or less carbon atoms, an aliphatic sulfoxide, and an 
aliphatic amide, or a mixture thereof. 

20 21. A solution according to claim 19 in which the organic 
solvent has a boiling point within the range from about 
30 # C to about 250 # c. 

22. A solution according to claim 20 in which the 
25 aliphatic alcohol is methanol, ethanol, propanol , 
isopropanol, ethylene glycol or glycerin. 
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23. A solution according to claim 20 in which the glycolic 
ether type compound is 2-ethoxyethanol, 2-methoxyethanol , 
2-ethoxyethyl acetate, 2-(2-ethoxyethoxy)ethanol or 2- 
methoxyethylamine. 

5 

24. A solution according to claim 19 in which the 
aliphatic ester-amide copolymer la one as described in 
claim 2. 

10 25. a solution according to claim 19 in which the 

aliphatic ester-amide copolymer is a modified aliphatic 
eater-amide copolymer as described in claim 6* 

26* A solution according to claim 19 which comprises an 
15 aliphatic ester-amide copolymer and inorganic metal salt as 
defined in claim 14. 

27. A molded or casted article produced by dissolving a , 
composition of an aliphatic eater-amide copolymer in an 
20 organic solvent with an LD50 (orally administered to a rat) 
value of about 2,000 or more in the presence or absence of 
an Inorganic metal salt and then removing the solvent from 
the solution to change a configuration of the copolymer* 

25 28. A molded or casted article according to claim 27 
produced by using an aliphatic ester-amide copolymer as 
described in claim 2 as the composition of the aliphatic 
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ester-amide copolymer. 

29. A molded or casted article according to claim 27 
produced by using an aliphatic ester-amide copolymer as 
described in claim 6 as the composition of the aliphatic 
ester-amide copolymer. 

30. A molded or caated article according to claim 27 
produced by using an aliphatic ester-amide copolymer and 
inorganic metal salt as described in claim 14 as the 
composition of the aliphatic eater-amide copolymer. 

31. Use of the composition of claim 2 in manufacture of 
molded or casted articles. 

32. Use of the composition of claim 14 in manufacture of 
molded or casted articles. 

33. Use of the solution of claim 19 in manufacture of 
molded or casted articles. 
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